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Description
FIELD OF THE INVENTION

[0001] The present invention is directed to alloys and
articles including alloyws. More specifically, the present
invention is directed to an alloy and articles including an
alloy having a predetermined grain boundary morpholo-

9y.
BACKGROUND OF THE INVENTION

[0002] The operating temperature within a gas turbine
is both thermally and chemically hostile. Significant ad-
vances in high temperature capabilities have been
achieved through the development of iron, nickel, and
cobalt-based superalloys and the use of environmental
coatings capable of protecting superalloys from oxida-
tion, hot corrosion, etc., but coating systems continue to
be developed to improve the performance of the materi-
als.

[0003] In the compressor portion of a gas turbine, at-
mospheric air is compressed to 10-25 times atmospheric
pressure, and adiabatically heated to 800°F - 1250°F
(427°C - 677°C) in the process. This heated and com-
pressed air is directed into a combustor, where it is mixed
with fuel. The fuel is ignited, and the combustion process
heats the gases to very high temperatures, in excess of
3000°F (1650°C). These hot gases pass through the tur-
bine, where airfoils fixed to rotating turbine disks extract
energy to drive the fan and compressor of the turbine,
and the exhaust system, where the gases provide suffi-
cient thrust to propel the aircraft. To improve the efficien-
cy of operation of the turbine, combustion temperatures
have been raised. Of course, as the combustion temper-
ature is raised, steps must be taken to prevent thermal
degradation of the materials forming the flow path for
these hot gases of combustion.

[0004] Using certain known alloys results in coarse
grain size and grain boundary cracking under such con-
ditions. For example, it is well know that coarse grain size
and grain boundary cracking may be concerns for Inconel
Alloy 706 components such as rotors and turbine disks
(Inconel is a registered trademark of Inco Alloys Interna-
tional, Inc., Huntington, West Virginia). As identified in
AMS specification 5703B, Inconel Alloy 706 has the com-
position by weight of carbon 0.06 max, manganese 0.35
max, phosphorus 0.35 max, sulfur 0.015 max, chromium
14.5 to 17.5, nickel 39 to 44, niobium 2.5 to 3.3, titanium
1.5 to 2, aluminum 0.4 max, boron 0.006 max, copper
0.3 max, and a balance of iron.

[0005] Known processes attempt to remedy this sus-
ceptibility to cracking by focusing on the forging process
andthe heattreatment processes. For example, two-step
and three-step aging processes have been used to gen-
erate Eta phase along grain boundaries, which reduces
the crack growth rate along the grain boundaries. How-
ever, the aging heat treatment is applied after uncon-
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trolled grain growth already took place during forging
and/or during solution heat treatment. As a result, the
forgings typically have a very coarse grain size, which
can increase intergranular cracking susceptibility.
[0006] Inconel Alloy 706 may also form grain boundary
carbide films. Carbides having high chromium content
can be easily dissolved at forging temperature. As a re-
sult, chromium redistributes along the grain boundaries
as carbide films during the cooling. This may lead to em-
brittlement and significantly increased intergranular
cracking susceptibility.

[0007] Known alloys add rhenium and change the alu-
minum-niobium ratio to reduce the coarsening rate of
gamma double prime phase. However, these approach-
es have no impact on the grain coarsening and intergran-
ular cracking. In other known alloys, chromium content
is increased (for example, to about 18%) and titanium
content is increased (for example, to about 1.9%). This
creates a stronger alloy with reduced ductility.

[0008] Aalloyand process of forming a alloy controlling
grain size and grain boundary that does not suffer from
the above drawbacks would be desirable in the art.

BRIEF DESCRIPTION OF THE INVENTION

[0009] According to an exemplary embodiment of the
present disclosure, an alloy includes by weight greater
than about 0.06 percent carbon, up to about 0.0015 per-
cent sulfur, less than about 16 percent chromium, be-
tween about 39 percent and about 44 percent nickel, be-
tween about 2.5 percent and 3.3 percent niobium, be-
tween about 1.4 percent and about 2 percent titanium,
up to about 0.5 percent aluminum, up to about 0.006
percent boron, up to about 0.3 percent copper, up to
about 0.006 percent nitrogen, greater than about 0.5 per-
cent molybdenum, and a balance of iron.

[0010] According to another exemplary embodiment
of the present disclosure, an alloy includes by weight up
to about 0.06 percent carbon, up to about 0.0015 percent
sulfur, less than about 16 percent chromium, between
about 39 percent and about 44 percent nickel, between
about 2.5 percent and about 3.3 percent niobium, be-
tween about 1.4 percent and about 2 percent titanium,
up to about 0.5 percent aluminum, up to about 0.006
percent boron, up to about 0.3 percent copper, up to
about 0.006 percent nitrogen, greater than about 0.5 per-
cent molybdenum, greater than about 0.5 percent tung-
sten, and a balance of iron.

[0011] According to another exemplary embodiment
of the present disclosure, an alloy includes MC carbides
dispersed with one or more of molybdenum and tungsten,
wherein the MC carbides form a zig-zag morphology in
the grain boundaries of the alloy.

[0012] Other features and advantages of the present
invention will be apparent from the following more de-
tailed description of the preferred embodiment, taken in
conjunction with the accompanying drawings which illus-
trate, by way of example, the principles of the invention.
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DETAILED DESCRIPTION OF THE INVENTION

[0013] Provided is an alloy and a process of forming a
alloy with controlled grain size and grain boundary. Em-
bodiments of the present disclosure resist intergranular
cracking, resist embrittiement, form a desired grain
boundary morphology such as zig-zag morphology, re-
tard grain coarsening, extend the useful life of compo-
nents formed from the alloy, extend inspection intervals
for monitoring components formed from the alloy, permit
operation of a gas turbine at high temperatures thereby
improving efficiency, and combinations thereof. The alloy
can be a portion of any suitable component. For example,
the alloy can be a rotor or turbine disk, for example, for
a gas turbine.

[0014] In an exemplary embodiment, a alloy having a
composition range includes a predetermined grain
boundary. In one embodiment, the predetermined grain
boundary morphology includes a zig-zag morphology. By
forming the alloy with the zig-zag morphology, the alloy
is resistant to intergranular cracking, maintains strength
up to about 1200°F, is resistant to embrittlement, has a
high recrystallization temperature and, therefore, a low
tendency for grain growth, and combinations thereof.
[0015] In one embodiment, the composition range by
weight is greater than about 0.06 percent carbon, up to
about 0.0015 percent sulfur, less than about 16 percent
chromium, between about 39 percent and about 44 per-
cent nickel, between about 2.5 percent and about 3.3
percent niobium, between about 1.4 percent and about
2 percent titanium, up to about 0.5 percent aluminum, up
to about 0.006 percent boron, up to about 0.3 percent
copper, up to about 0.006 percent nitrogen, greater than
about 0.5 percent molybdenum, and a balance of iron.
In a further embodiment, the alloy includes by weight
between about 0.06 percent and about 0.7 percent car-
bon, up to about 0.0015 percent sulfur, between about
14 percent and about 16 percent chromium, between
about 39 percent and about 44 percent nickel, between
about 2.5 percent and about 3.3 percent niobium, be-
tween about 1.4 percent and about 1.7 percent titanium,
between about 0.2 percent and about 0.5 percent alumi-
num, up to about 0.006 percent boron, up to about 0.3
percent copper, up to 0.006 percent nitrogen, between
about 0.8 percent and about 2.7 percent molybdenum,
and a balance of iron.

[0016] In one embodiment, the alloy includes a com-
position. In one embodiment, the composition is by
weight about 0.06 percent carbon, up to about 0.0015
percent sulfur, about 15 percent chromium, about 40 per-
cent nickel, about 2.9 percent niobium, about 1.5 percent
titanium, about 0.45 percent aluminum, about 0.006 per-
cent boron, about 0.3 percent copper, about 0.006 per-
cent nitrogen, about 2.5 percent molybdenum, and a bal-
ance of iron. In another embodiment, the composition is
by weight 0.06 percent carbon, up to 0.0015 percent sul-
fur, 15 percent chromium, 40 percent nickel, 2.9 percent
niobium, 1.5 percent titanium, 0.45 percent aluminum,
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0.006 percent boron, 0.3 percent copper, 0.006 percent
nitrogen, 2.5 percent molybdenum, and a balance of iron.
[0017] In one embodiment, the alloy includes a com-
position range of by weight up to about 0.06 percent car-
bon, up to about 0.0015 percent sulfur, less than about
16 percent chromium, between about 39 percent and
about 44 percent nickel, between about 2.5 percent and
about 3.3 percent niobium, between about 1.4 percent
and about 2 percent titanium, up to about 0.5 percent
aluminum, up to about 0.006 percent boron, up to about
0.3 percent copper, up to about 0.006 percent nitrogen,
greater than about 0.5 molybdenum, greater than about
0.5 tungsten, and a balance of iron. In a further embod-
iment, the alloy includes by weight less than about
0.000005 percent nitrogen. In this embodiment, the pres-
ence of (TiC)N particles, which are hard regular-shaped
particles and act as crack initiation sites, are reduced or
eliminated.

[0018] Inoneembodiment, the alloy includes by weight
between about 0.06 percent and about 0.7 percent car-
bon, up to about 0.0015 percent sulfur, between about
14 percent and about 16 percent chromium, between
about 39 percent and about 44 percent nickel, between
about 2.5 percent and about 3.3 percent niobium, be-
tween about 1.4 percent and about 1.7 percent titanium,
between about 0.2 percent and about 0.5 percent alumi-
num, up to about 0.006 percent boron, up to about 0.3
percent copper, up to about 0.006 percent nitrogen, be-
tween about 0.8 percent and about 2.7 percent molyb-
denum, between about 0.8 percentand about 2.2 percent
tungsten, and a balance of iron.

[0019] In one embodiment, the alloy include by weight
about 0.06 percent carbon, up to about 0.0015 percent
sulfur, about 15 percent chromium, about 39.5 percent
nickel, about 2.9 percent niobium, about 1.5 percent ti-
tanium, about 0.45 percent aluminum, about 0.006 per-
cent boron, about 0.3 percent copper, about 0.006 per-
cent nitrogen, about 1 percent molybdenum, about 2 per-
cent tungsten, and a balance of iron.

[0020] Inoneembodiment, the alloy includes by weight
0.06 percent carbon, up to 0.0015 percent sulfur, 15 per-
centchromium, 39.5 percent nickel, 2.9 percent niobium,
1.5 percent titanium, 0.45 percent aluminum, 0.006 per-
cent boron, 0.3 percent copper, 0.006 percent nitrogen,
1 percent molybdenum, 2 percent tungsten, and a bal-
ance of iron.

[0021] In an exemplary process of forming the alloy,
MC carbides with one or more of molybdenum and tung-
sten are dispersed. The MC carbides mechanically block
grain coarsening and generate a zig-zag morphology in
the grain boundaries. In one embodiment, the MC car-
bides comprise molybdenum and tungsten.

[0022] While the invention has been described with ref-
erence to a preferred embodiment, it will be understood
by those skilled in the art that various changes may be
made and equivalents may be substituted for elements
thereof without departing from the scope of the invention.
In addition, many modifications may be made to adapt a
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particular situation or material to the teachings of the in-
vention without departing from the essential scope there-
of. Therefore, it is intended that the invention not be lim-
ited to the particular embodiment disclosed as the best
mode contemplated for carrying out this invention, but
that the invention will include all embodiments falling
within the scope of the appended claims.

Claims

1. Analloy, the alloy comprising by weight greater than
about 0.06 percent carbon, up to about 0.0015 per-
cent sulfur, less than about 16 percent chromium,
between about 39 percent and about 44 percent
nickel, between about 2.5 percent and about 3.3 per-
cent niobium, between about 1.4 percent and about
2 percent titanium, up to about 0.5 percent alumi-
num, up to about 0.006 percent boron, up to about
0.3 percent copper, up to about 0.006 percent nitro-
gen, greater than about 0.5 percent molybdenum,
and a balance of iron.

2. The alloy of claim 1, comprising by weight between
about 0.06 percent and about 0.7 percent carbon,
up to about 0.0015 percent sulfur, between about 14
percent and about 16 percent chromium, between
about 39 percent and about 44 percent nickel, be-
tween about 2.5 percent and about 3.3 percent nio-
bium, between about 1.4 percent and about 1.7 per-
cent titanium, between about 0.2 percent and about
0.5 percent aluminum, up to about 0.006 percent bo-
ron, up to about 0.3 percent copper, up to about
0.006 percent nitrogen, and between about 0.8 per-
cent and about 2.7 percent molybdenum.

3. The alloy of claim 1 or claim 2, comprising by weight
about 0.06 percent carbon, up to about 0.0015 per-
cent sulfur, about 15 percent chromium, about 40
percent nickel, about 2.9 percent niobium, about 1.5
percent titanium, about 0.45 percent aluminum,
about 0.006 percent boron, about 0.3 percent cop-
per, about 0.006 percent nitrogen, and about 2.5 per-
cent molybdenum.

4. The alloy of any preceding claim, wherein a prede-
termined grain boundary morphology of the alloy in-
cludes a zig-zag morphology.

5. An alloy, the alloy comprising by weight up to about
0.06 percent carbon, up to about 0.0015 percent sul-
fur, less than about 16 percent chromium, between
about 39 percent and about 44 percent nickel, be-
tween about 2.5 percent and about 3.3 percent nio-
bium, between about 1.4 percent and about 2 per-
cent titanium, up to about 0.5 percent aluminum, up
to about 0.006 percent boron, up to about 0.3 percent
copper, up to about 0.006 percent nitrogen, greater
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10.

11.

12.

13.

14.

15.

than about 0.5 molybdenum, greater than about 0.5
tungsten, and a balance of iron.

The alloy of claim 5, comprising by weight between
about 0.06 percent and about 0.7 percent carbon,
up to about 0.0015 percent sulfur, between about 14
percent and about 16 percent chromium, between
about 39 percent and about 44 percent nickel, be-
tween about 2.5 percent and about 3.3 percent nio-
bium, between about 1.4 percent and about 1.7 per-
cent titanium, between about 0.2 percent and about
0.5 percent aluminum, up to about 0.006 percent bo-
ron, up to about 0.3 percent copper, up to about
0.006 percent nitrogen, between about 0.8 percent
and about 2.7 percent molybdenum, and between
about 0.8 percent and about 2.2 percent tungsten.

The alloy of claim 5 or claim 6, comprising by weight
about 0.06 percent carbon, up to about 0.0015 per-
cent sulfur, about 15 percent chromium, about 39.5
percent nickel, about 2.9 percent niobium, about 1.5
percent titanium, about 0.45 percent aluminum,
about 0.006 percent boron, about 0.3 percent cop-
per, about 0.006 percent nitrogen, about 1 percent
molybdenum, and about 2 percent tungsten.

The alloy of claim 5, wherein the alloy comprises by
weight less than about 0.000005 percent nitrogen.

The alloy of any preceding claim, wherein the alloy
includes grain boundaries having zig-zag morphol-
ogy.

The alloy of any preceding claim, wherein the alloy
is resistant to intergranular cracking.

The alloy of any preceding claim, wherein the alloy
maintains strength up to about 1200°F.

The alloy of any preceding claim, wherein the alloy
is resistant to embrittlement.

An alloy, the alloy comprising MC carbides dispersed
with one or more of molybdenum and tungsten,
wherein the MC carbides form a zig-zag morphology
in the grain boundaries of the alloy.

The alloy of claim 13, wherein the zig-zag morphol-
ogy mechanically blocks grain coarsening.

The alloy of claim 13, wherein the MC carbides com-
prise molybdenum and tungsten.
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